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Introduction
Blood transfusions commonly result in the production of alloantibodies against one or more red cell (RBC) antigens, which complicates subsequent transfusions. The probability of alloimmunisation depends on the number and frequency of transfusions, antigen immunogenicity and the recipient's immune response. The influence of ethnic and antigenic pattern differences between donors and recipients has also been reported. 1 According to different reports, the overall immunisation risk, defined as the total number of alloantibodies detected divided by the total number of transfused units, varies from 0.4 to 1.0%. 2, 3 Several studies have demonstrated different frequencies of alloimmunisation after multiple blood transfusions in patients with chronic diseases. 1, [4] [5] [6] [7] [8] [9] [10] To the best of our knowledge, a large scale study on screening patients with acute diseases or medical emergencies for alloantibodies has not been performed. The identification of alloantibodies in the recipient's serum makes further transfusions safer as compatible blood can be provided. Especially for patients prone to receive multiple transfusions, compatibility for red cell antigens must include ABO, Rh as well as minor antigens, although the majority of haemolytic transfusion reactions are due to a limited number of alloantibodies. 11 Antibodies against highfrequency antigens can hinder obtaining suitable blood units and a lack of phenotypic compatibility between donor and recipient blood may result in potential life-threatening complications.
We performed a study to determine the frequency of red cell alloimmunisation following transfusion in patients admitted to the Instituto Dr. José Frota with acute disorders and medical emergencies. The identification of alloantibodies, risk factors and alloimmunisation risk were also studied.
Patients and Methods
Pre-transfusion and sequential post-transfusion samples were obtained from patients admitted to the Instituto Dr. José Frota to treat acute disorders and medical emergencies between January 1999 and January 2001. Only patients who required blood transfusion during the course of their illness were included. Patients with alloantibodies detected before the first transfusion or with hospital stays of less than one week were not eligible for analysis. This study was submitted to the local Ethics Committee.
Prior to every transfusion, the selected patients' serum was screened for the presence of antibodies using the gel centrifugation test (ID-card/Liss-Coombs, DiaMed, Switzerland). 12 A selected two-cell set of reagent RBCs for antigen detection (ID-Diacell I-II-DiaMed, Switzerland) was used according to the manufacturer's instructions. An auto-control was systematically employed. The posttransfusion samples were obtained weekly until the time of discharge of the patient. If screening was positive, the antibody specificity was determined with commercial panels of 11 cells (ID-DiaPanelDiaMed, Switzerland) tested by similar methods. Tests with enzyme-treated cells (bromelin) were also carried out in all patients with a positive test. The tests were performed at room temperature, 4°C and 37°C. Non-matched phenotypic blood was transfused unless an antibody had been detected. In this case, only units matched for the specific antibody were transfused.
Statistical analysis employed the logistic regression and the chi-square test or Fisher's exact test. Groups were assumed to differ significantly when the probability level was less than 0.05.
Results
From the total of 6,191 patients who received red cell transfusion in the period previously outlined, 5,690 were enrolled. The patients' ages ranged from 1 to 88 years. There were 4,025 men (70.74%) and 1,665 women (29.26%). The total number of transfused units was 16,547. Men received an average of 2.97 units (range: 1 to 22) and women an average of 2.75 units (range: 1 to 21). Mean time of follow-up was 30 days (range: 7 to 240), and mean frequency of testing was 4 days (range: 2 to 37). Red cell alloantibodies were detected in 120 recipients (2.1%), 60 men and 60 women. The rate of alloimmunisation was 1.49% in men and 3.6% in women (p < 0.0001). Fifty-six women (93.33%) were known to have been pregnant previously. The patients' mean age was 35.7 years for men and 46.13 years for women (p = 0.003). The distribution of alloimmunised and non-alloimmunised according to ABO system and the Rh-D antigen did not differ significantly. In the alloimmunised group the average number of units transfused was 4.97 units for men and 4.44 units for women. No difference was observed between men and women (p = 0.46). In the non-alloimmunised group this average number was 2.94 units for men and 2.69 units for women. The difference was significant between men (p = 0.001) and women (p = 0.002) ( Table 1) .
A total of 137 antibodies were detected in the 120 patients. Among 130 identified antibodies (94.89%), the most frequent were anti-E (19.23%), anti-D (16.92%), anti-M (12.31%) and anti-Kell (9.23%). Time taken to detect alloantibodies ranged from 3 to 97 days (mean 20.88 days). The risk of alloimmunisation, defined as the total number of alloantibodies detected (137) divided by the total number of transfused units (16,547), was 0.83% for the entire group, 0.59% for men and 1.44% for women. In 13 immunised patients (10.83%) more than one antibody were detected. A total of 30 alloantibodies were detected in 7 men and 6 
Discussion
The risk of alloimmunisation depends on the recipient's exposure to foreign antigens, their immunogenicity, number of units transfused and underlying disease. 8 Blood transfusion in patients with acute disorders and medical emergencies frequently makes phenotyping before transfusion unfeasible. Moreover, most patients will probably only undergo only this transfusion episode during their lifetime and therefore it is unlikely that they become transfusion-dependent. Although antibody levels decline and become undetectable over time, re-exposure can cause delayed reactions after incompatible blood transfusions.
Several studies have examined the frequency and rate of alloimmunisation in patients with different chronic diseases.
1,4-10 However, very few data have been reported concerning alloantibody development in acute disorders. The frequency of alloimmunisation in patients with sickle cell anaemia has been reported to range from 2.6 to 76%. 13 In patients with thalassemia who receive multiple transfusions, the frequency was reported to be 22%. 14 Redman et al., screened patients who underwent elective surgery and reported RBC alloantibodies in 8.4% of patients. 15 The frequency of post-transfusion antibodies in our patients was 2.1%. This figure is higher than the frequency of 0.25% reported when random blood units were transfused 4 and lower than the frequency of 8% reported in general surgical patients after transfusion of an average of three units of red cells. 15 However, our frequency of alloimmunisation may be underestimated considering that the time of follow-up was limited to hospital stay and some transfused patients were tested only once before discharge.
The risk of alloimmunisation is known to be influenced by recipient gender. In our study, in spite of very similar averages of units transfused in men and women (2.97 and 2.75 respectively) the rate of alloimmunisation was significantly higher in women.
The risk of alloimmunisation per transfused unit is reported to range from 0.5 to 5.9%. 2 The overall alloimmunisation risk we demonstrated (0.83%) is in accordance with these figures.
The average number of units transfused in patients receiving multiple transfusions who develop alloantibodies ranges from 16 to 25 units. 2, 6, 8 In our patients an average of 4.68 units was transfused in the alloimmunised group. Factors such as underlying disease, the transfusion policy, matching red cells only for ABO and Rh-D antigens, the sensitivity of tests using a two-cell set of reagent red cells, lack of leucodepleted RBC 10 for patients with acute disorders, and deficient availability of negative Rh-D blood units play an important role in the difference of results obtained.
Alloimmunised recipients are more likely to develop additional antibodies. In our series, thirteen patients developed more than one antibody. The risk of additional antibody formation therefore increased 3.1 fold. This figure agrees with several authors who found an increased risk between 2.7 and 3.3 fold. 2, 6 For 7 of 137 antibodies (5.1%) the specificity could not be identified. This figure is lower than the 22.5% related by Schonewille et al. 2 and the 17.6% reported by Redman et al. 15 This difference might be explained by the underlying diseases.
Patients with acute disorders have no red cell auto-antibodies or associated morbid conditions. This study represents the first prospective analysis of red cell alloantibody in a large series of patients with acute disorders and medical emergencies carried out in Brazil. Because of intensified treatment and consequent improvement in survival and longer life expectancy of the population it is important to focus on the incidence and risk of alloimmunisation in this group of patients, especially in women of childbearing age. 
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